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The immediate and ultimate success of this procedure would depend on the volume of blood flow through the pulmonary artery. As stated by Dexter, et al.,' "The volume of blood flowing through the pulmonary artery per unit of time is dependent upon the pressure in the pulmonary artery, the resistance to blood flow offered by the pulmonary vasculature, and the ability of the left side of the heart to handle the volume of blood which it receives." On the basis of studies by these investigators on the pulmonary artery pressure in normal adult humans, a mean pressure of about 13 to 17 millimeters of mercury would be sufficient to propel a normal blood flow through the pulmonary artery at rest. A venous pressure of this magnitude would, acting alone, usually be insufficient to produce peripheral edema.' Prolonged increased venous pressure may, however, lead to varicosities and the development of a collateral venous circulation.
METHODS
Mongrel dogs were anesthetized with nembutal and using sterile technique the azygos vein on the right side was divided and the peripheral end ligated. The central end was trimmed close to the superior vena cava, its connection with the cava being temporarily occluded by a curved Potts' bulldog type clamp. An anastomosis was then performed between the stump of the central end of the azygos vein and the distal end of the divided right main pulmonary artery. The cardiac end of the right pulmonary artery was ligated. Following the completion of the anastomosis, the superior vena cava was occluded as it entered the right heart by a double ligature of heavy silk. In one animal the anastomosis was made between the distal end of the divided right pulmonary artery and the inferior vena cava.
Studies in the majority of these experiments included: venous pressure recorded from the superior vena cava, (i) before ligation of the cava, (ii) after ligation of the cava and before opening of the anastomosis to the pulmonary artery, and (iii) after opening of the anastomosis to the pulmonary artery. Oxygen studies (content, capacity, saturation) were done on the blood obtained from the superior vena cava and the aorta, (i) before ligation of the cava and (ii) after ligation of the cava with the 
RESULTS
The results of this investigation are based on nine experiments where studies were made.
Venous pressure. (Table 1 ). The pressure in the superior vena cava was low (30-60 millimeters of saline) prior to ligation of the superior vena cava but rose rapidly on complete caval occlusion at the level of the right heart (165-600 millimeters of saline). Following opening of the anastomosis between the superior cava and the right pulmonary artery the pressure in the occluded superior cava invariably fell as blood passed into the pulmonary arterial circuit of the right lung. After opening of the anastomosis the pressure in the superior cava varied from a minimum of 118 millimeters of saline (Experiment 8) to a maximum of 250 millimeters of saline (Experiment 1). The percentage of fall varied from 18.8 (Experiment 6) to 69.6 (Experiment 9). In a few experiments vena caval pressures were repeated at a later time. In Experiment 1 the pressure in the external jugular vein was found to be 68 millimeters of saline and 65 millimeters of saline on the 73d and 88th days following operation as compared with a superior caval pressure of 250 millimeters of saline on the day of operation. The external jugular pressure in Experiment 2 was 140 millimeters of saline 43 days after operation as compared with 180 millimeters of saline in the superior cava on the day of operation. In Experiment 7 the pressure in (Table 2 ). These studies usually revealed a fall in the oxygen saturation of the venous blood in the superior vena cava after the anastomosis of the cava to the pulmonary artery had been opened for 5 to 20 minutes. There was no significant change in the saturation of the arterial blood (aorta).
Angiocardiography. (Fig. 1 and 2 ). In four experiments angiocardiography was carried out in the postoperative period. In all experiments the pulmonary vascular tree on the right side was clearly visualized. In one animal a delay in emptying of the dye from the right upper lobe was noted.
COMMENT
The results of these early experiments suggest that an anastomosis between the superior vena cava and the distal end of the right pulmonary artery can be expected to remain patent in the majority of animals. The evidence suggests that at least some blood from the superior vena cava passes through the right lung. The evidence also suggests that there may be a difference in pulmonary arterial resistance from animal to animal under the imposed experimental conditions. There is some suggestion (Experiment 1) that there may actually be a lowering of pulmonary arterial resistance after the relatively prolonged exclusion of the pulmonary artery from direct continuity with the right heart. Whether this is an expression of decreased pulmonary vascular resistance or decreased flow through the shunt due to an expanding collateral venous circulation between the superior and inferior venae cavae remains to be determined. The serial angiocardiograms taken on this animal at intervals of 55 days (Fig. 2) do not suggest, however, the formation of extensive collateral venous circulation.
By-pass of the right heart may be accomplished by the anastomosis of the inferior and superior venae cavae to the right and left pulmonary arteries. By-pass of the right ventricle alone can be accomplished by the anastomosis of the right auricle to the main pulmonary artery.! Our interest in attempts to by-pass the entire right heart developed following unsatisfactory results in several patients with tricuspid stenosis on whom a systemic artery-topulmonary-artery shunt had been performed. In these patients there usually exists an interauricular septal defect as well.
The cardiac anomalies which might benefit from this operation include stenosis or atresia of the tricuspid and pulmonary outflow tracts. By-pass of the right side of the heart may also be indicated where a poorly functioning right ventricle, although there is no obstruction to the outflow, accompanies an anomaly in the position of the tricuspid valve (Epstein's anomaly). Further, when there is a single ventricle or a bilocular heart, the direct passage of blood from the cavae to the pulmonary arteries may be beneficial. Possibly, by-pass of the right side of the heart may be indicated in conditions characterized by pulmonary hypertension, particularly Eisenmenger's syndrome, where the hypertension has not become irreversible. Also, in transposition of the great vessels, by-pass of the right heart may be beneficial, especially if there is an associated pulmonary stenosis. By-pass of the right heart may also be indicated where there is obstruction of the cavae where they join the heart, or where there is an abnormal insertion of either cavae into the left auricle.
Further experiments are in progress with two main purposes: (i) to determine if the entire venous circulation can be made to by-pass the heart directly into the lungs, and (ii) to investigate changes in pulmonary vascu-
